In this research, we reported a method of polymerase chain reaction (PCR) amplification by means of magnetic enrichment. First, after denaturation, the target sequence was combined with biotinmodified specific primer through hybridization and enriched at the surface of -Fe 2 O 3 by biotinavidin special interaction. Then single target sequence was gained through denaturation, and general PCR amplification was performed. The experiment conditions such as the hybridization temperature between target sequence and biotin-modified specific primer, and the dosage of magnetic nanoparticles -Fe 2 O 3 were optimized. Finally, the sensitivity of the method was checked. The lowest concentration of target sequence was detected as low as 5 × 10 −7 ng/mL. This simple method could provide a quick and early diagnosis of malignant infectious diseases such as SARS, avian flu and swine flu etc., that occur occasionally nowadays.
INTRODUCTION
Nucleic acids amplification in vitro is the foundation of the research in molecular biology. Because of high sensitivity, strong specificity, short experiment cycle and so on, polymerase chain reaction (PCR) has found a wide range of applications and becomes the basic research method in molecular biology, genomics, disease diagnosis and other areas since it was built in 1985.
1 PCR amplification includes three stages: denaturation, annealing, extending. As to its high sensitivity, however, it is easily to emerge false positive reaction and influence the interpretation of the experimental results seriously, such as mismatch, primer dimers and so on. 2 Therefore, researchers are eager to develop some effective methods to overcome the disadvantage of PCR technology.
Solid phase PCR is a nucleic acid amplification technology taking place on the solid surface. 3 By means of this approach, the primer is combined to the solid surface through various covalent bonds, and the amplification reaction proceeds at the surface. This method can stop primer * Author to whom correspondence should be addressed.
† These two authors contribute to this manuscript equally.
touching each other to form dimmers, but it reduces the reaction efficiency and causes the loss of the reactants on the support surface. Because magnetic nanoparticles, such as -Fe 2 O 3 , possess low or no biological toxicity, no immunogenicity, strong enzyme-resistant ability, etc., they have been widely used as a solid phase matrix in nucleic acids amplification in vitro technology and other fields. In 2007, Lermo etc. performed a research of PCR on the surface of nanoparticle -Fe 2 O 3 , and detected pathogens of food through electrochemical method. 4 In the same year, Liu Hongna etc. made use of magnetic nanoparticles PCR amplification technology (MNPs-PCR) and specific double-color fluorescent probes (Cy3, Cy5) of alleles hybridization technology to build a new method of single nucleotide polymorphisms (SNPs). 32 In 2009, the method of PCR amplification based on magnetic nanoparticles and double fluorescence general labels of high-throughput SNP was put forward by He et al as a general method of molecular biology. 33 Here we make use of avidin-modified magnetic nanoparticles -Fe 2 O 3 as solid phase matrix, and enrich the target sequence to the surface which combined with biotin-modified specific primer, and then obtain single 
MATERIALS AND METHODS

Sample
The samples of blood were from normal human, and saved at −20 C.
Instruments and Reagents
Main Experiment Instrument
Nanometer particle size analyzer (Nano-ZETA1), Malvern in Britain; Ultrasonic instrument (KQ2200DE), Kunshan ultrasonic instruments Co. LTD; Polymerase chain reaction (PCR) instrument (PTC-220), MJ in the United States; Real-Time PCR instrument, BIO-RAD; UV transilluminator, BIO-RAD.
Main Experiment Reagent
Primer (as seen in Table I 
Genomic DNA Extraction
Genomic DNA was extracted with the method of KI from the blood. 34 Vacuum drying was performed before the genomic DNA was dissolved in 100 L of TE and the conserved at −20 C in a freezer.
Preparation and Modification with
Avidin of Magnetic Nanoparticles
Magnetic Nanoparticles Preparation
The magnetic nanoparticles were prepared as described prevously.
35 Table I . Primer in the experiment.
Primer Sequence (5 -3 M235T Forward Primer CCACGCTCTCTGGACTTCAC M235T Reverse Primer GAGGTTTGCCTTACCTTGGA M235T Bio-Reversed Primer Biotin-GAGGTTTGCCTTACCTTGGA
Modification of Magnetic Nanoparticles with Avidin
1500 L of magnetic nanoparticles scattered in ethanol solution was put into a 1.5 mL centrifugal tube, and washed twice with 95% of alcohol in order to remove the left water. Alcohol and APTS (amino silane), in a ratio of 49:1, were put into the tube in the total system of 1500 L, and reacted with ultrasonic above 2 h. After the reaction, supernate was removed, and the nanoparticles were washed twice with 95% of alcohol and 0.1 mol/L of PB (phosphoric acid buffer liquid) respectively. Then 50% of glutaraldehyde was put into the reaction system containing the particles with the concentration of 5%. In other words, 150 L of 50% glutaraldehyde was mixed with 1350 L of 0.1 mol/L PB, and the mixture was added into the tube.
The solution was treated with ultrasonic above 2 h. When the reaction ended, nanoparticles were washed twice with 0.1 mol/L of PB. Finally, 150 L of avidin was mixed with 1350 L of 0.1 mol/L PB, and the mixture was added into the tube. Reacting above 2 h on a table concentrator, the supernate was removed and the nanoparticles were washed twice with 0.1 mol/L of PB. The nanoparticles were dispersed in 1500 L of 0.1 mol/L PB and saved at 4 C. The whole process is shown in Figure 1 .
Magnetic Enrichment of Target Sequence
Genomic DNA was mixed with hybridization solution in the same volume 30 L, and 1 L of 10 mol/L avidinmodified reverse primer (M235T Bio-reverse primer, Bio-RP) was added. Hybridization was performed for 30 min at certain temperature. Some avidin-modified magnetic nanoparticles -Fe 2 O 3 were added into a 200 L tube and separated magnetically to discard the supernatant. Then the solution in which hybridization had been finished was transfered into the tube and kept 30 min at room temperature with shaking about every 5 min. Then the supernatant was discarded again through magnetic separation in order to remove the DNA not absorbed and other components, and 9 L sterilization deionized water was added for denaturation for 5 min, followed by cooling down rapidly with an ice bath immediately. Through magnetic separation, the supernatant containing single target sequence was transferred into another tube for the left experiments.
Optimization of Conditions for Magnetic Enrichment Experiment PCR Amplification
Hybridization Temperature Optimization
Five experimental groups with a same target sequence (10 times diluted of genomic DNA) with specific primers were hybridized at 38 C, 43.5 C, 49.7 C, 52.5 C, 58 C (the temperature gradient was generated automatically by PCR instrument), respectively, and then the single target PCR amplification were performed starting with a denaturation step (4 min) at 94 C, followed by 35 cycles of denaturation at 94 C for 40 s, annealing at 55 C for 30 s and extending at 72 C for 30 s, then extended at 72 C for 10 min more and kept at 4 C forever. Simultaneously, 2 L of genomic DNA was added into another tube possessing other same components as those of experimental groups for regular PCR as a control group.
Optimization of Dosage of Magnetic Nanoparticles for PCR Amplification After Magnetic Enrichment
Five experimental groups with same target sequence (10 times diluted of genomic DNA) were hybridized with specific primers at optimal hybridization temperature. 5 L, 8 L, 12 L, 15 L and 20 L of magnetic nanoparticles of avidin-modified -Fe 2 O 3 (concentration is about 6 mg/mL) were added into new tubes respectively, and the single target sequence was gotten as above and then PCR amplification was performed.
Magnetic Enrichment Experiment Sensitivity Detection
The genomic DNA was diluted to 10 12 times in a 10-times concentration gradient and the samples diluted in 10 4 ∼10 12 times were submitted to get the single target sequence as described in the above method at the optimal hybridization temperature and particle amounts, then a real-time PCR amplification was performed (the procedures as above). Simultaneously, one control group and one empty group were performed. In the control group, 2 L of genomic DNA was applied in place of 8 L of single target sequence and ddH 2 O was added to 20 L. In the empty group, ddH 2 
Agarose Gel Electrophoresis
5 L of all the above PCR products were mixed with 1 L of loading buffer (6× and agarose gel electrophoreses was performed respectively at 110V of voltage for 15 min.
RESULTS AND DISCUSSION
Preparation of Magnetic Nanoparticles
From the transmission electron microscopy (TEM) image shown in Figure 2(a) , we can find that the shape of the prepared -Fe 2 O 3 nanoparticles resembles sphericity and the size is about 30 nm. Because of magnetism and baking at high temperature, the particles present with some conglomeration. Figure 2 
Investigation on Amount of Avidin-Modified Magnetic Nanoparticles to Catch the Target Sequence
With the biotin-modified reverse primer of M235T, 5 tubes of PCR products with the same template were obtained and 0 L, 0 L, 5 L, 10 L, 15 L, 20 L of avidin-modified magnetic nanoparticles were added into the tubes, respectively, which were then kept for 30 min at room temperature while concussed every 5 min. The supernate was sucked up and pointed into an agarose gel for electrophoresis and the result was shown in Figure 3 . From the figure we can clearly see that the brightness of the strip weakened rapidly with the increase in dosage of nanoparticles. The brightest strip is that in which no nanoparticles were added. When 10 L of nanoparticles were added, the strip can be seen dimly, and when the amount increased to 15 L and 20 L, no strip was found.
Magnetic Enrichment Experiment Condition Optimization
Hybridization Temperature Optimization
In Figure 4 , the brightness of lane 1, 2, and 3 were quite weak. The lane 4 is the brightest and close to the control group lane 6. The brightness of lane 5 is just weaker than lane 4. Therefore, the optimal hybridization temperature is about 52.5 C and we choose 53 C.
Magnetic Nanoparticles Dosage Optimization
Different dosages of magnetic nanoparticles were used to enrich target sequence. Single target sequence was obtained by denaturation, and PCR amplification was performed with the obtained single target sequence as template. The influence of the dosage of magnetic nanoparticles on the final PCR amplification is shown in Figure 5 . The strip is brighter and brighter with the increase in the dosage of magnetic nanoparticles. However, the brightness does not increase obviously when the dosage increased from 15 L to 20 L. Therefore, 15 L of avidin-modified magnetic nanoparticles -Fe 2 O 3 was chosen as the optimal dosage.
Magnetic Enrichment Experiment Sensitivity Detection
Genomic DNA, as target sequence, was diluted 10 12 times in 10 times of concentration gradient, and 10 4 ∼10 12 diluted samples were submitted to PCR amplification as described above at optimal hybridization temperature and dosage of nanoparticles. From the Figure 6 it is obviously observed that the brightness of strip weakens gradually as the times of dilution increasing. The brightness of strip in lane −11 is very weak but it is still visible, and when the times of dilution is 10 12 (lane −12), no strip is visible. Simultaneously, the concentration of genomic DNA is about 50 mg/L measured by an UV spectrophotometer. In this method, the concentration of target sequence can be detected as low as 5 × 10 −7 ng/mL. 
CONCLUSIONS
In this research, avidin-modified magnetic nanoparticles -Fe 2 O 3 is used to enrich target sequence and build up a method of PCR amplification with the help of magnetic enrichment of target sequence. Simultaneously, the experiment of the lowest concentration of target sequence detection was performed. Through above experiment it can be concluded that the optimal of hybridization temperature between specific primers and target sequence is 53 C and the dosage of 6 mg/mL of magnetic nanoparticles -Fe 2 O 3 is 15 L, and the lowest concentration of target sequence can be detected as low as 5 × 10 −7 ng/mL. Because of simple operation and short experimental cycle, this method may provide a quick and early diagnosis of malignant infectious diseases, such as SARS, avian flu and swine flu etc., that occur occasionally nowadays. However, for different target sequence and specific primers, the optimal hybridization temperature may vary and need a little adjustment.
